Mutations in AChR subunits, expressed as pentamers in neuromuscular junctions (NMJs), cause various types of congenital myasthenic syndromes. In AChR pentamers, the adult subunit gradually replaces the embryonic ␥ subunit as the animal develops. Because of this switch in subunit composition, mutations in specific subunits result in synaptic phenotypes that change with developmental age. However, a mutation in any AChR subunit is considered to affect the NMJs of all muscle fibers equally. Here, we report a zebrafish mutant of the AChR ␦ subunit that exhibits two distinct NMJ phenotypes specific to two muscle fiber types: slow or fast. Homozygous fish harboring a point mutation in the ␦ subunit form functional AChRs in slow muscles, whereas receptors in fast muscles are nonfunctional. To test the hypothesis that different subunit compositions in slow and fast muscles underlie distinct phenotypes, we examined the presence of /␥ subunits in NMJs using specific antibodies. Both wild-type and mutant larvae lacked /␥ subunits in slow muscle synapses. These findings in zebrafish suggest that some mutations in human congenital myasthenic syndromes may affect slow and fast muscle fibers differently.
Introduction
Congenital myasthenic syndrome (CMS) is a neuromuscular disorder caused by mutations of multiple genes involved in the synapse formation/function in the neuromuscular junction (NMJ), including agrin (Huzé et al., 2009) , ache , rapsyn (Ohno et al., 2002) , musk , and chrn . Symptoms of CMS include severe muscle weakness and fatigue. Transmission of signal at these synapses is performed by AChRs. AChRs are pentamers, composed of ␣1 2 ␤1␦␥ or ␣1 2 ␤1␦, depending on the developmental age. Embryonic ␥ subunits are replaced by adult subunits as the animal develops (Mishina et al., 1986; Walogorsky et al., 2012b) . Causal mutations of myasthenic syndromes have been reported in all genes encoding AChR subunit (Engel et al., 2003) . Mutations in the ␥ subunit lead to phenotypes that change with development (Robinson et al., 2013) . In addition, we previously showed that a single mutation in the ␣1 subunit of zebrafish shows effects on the synaptic current that change with development. As the ␥ subunit is replaced by , the synaptic phenotype is alleviated and the swimming of larvae recovers (Walogorsky et al., 2012a) . However, mutations of AChR subunits are expected to affect synapses of both slow and fast muscle fibers equally.
Zebrafish have NMJs comparable with those of mammals. They are nicotinic, and postsynaptic AChRs are composed of subunits homologous to mammalian counterparts. Subunits corresponding to mammalian ␣1, ␤1, ␥, ␦, and express and assemble in zebrafish. Some genes in zebrafish are duplicated because of the genome-wide duplication specific to teleosts (Meyer and Van de Peer, 2005) . Among muscle-type AChR subunit genes in zebrafish, only ␤1 has two duplicated copies, ␤1a and ␤1b. However, only ␤1b is functional (Papke et al., 2012) . Henceforth in this paper, we refer to ␣1 as ␣ and ␤1b as ␤ for simplicity.
The skeletal system in larval zebrafish trunks contains slow and fast muscle fibers: two muscle types that are also found in mammalian skeletal systems. Whereas slow and fast muscle fibers in mammals are intermingled and can be distinguished only by using histological techniques, such as ATPase staining (Brooke and Kaiser, 1970) or anti-myosin heavy chain antibody (Weiss et al., 1999) , slow and fast muscle fibers of teleosts are spatially segregated and can easily be distinguished by their location and the orientation relative to the body axis (Bone, 1978; Luna and Brehm, 2006) . The segregation and anatomical distinction of muscle fibers in zebrafish provide a unique opportunity to study the difference between these two types of muscle fibers, by analyzing the NMJs in preidentified types of muscle fibers.
Here, we isolated a novel mutant of the zebrafish AChR that expresses functional AChRs only in slow muscles. By analyzing this mutant, we showed that a single ␦ subunit mutation has different effects on AChRs of slow muscle and fast muscle fibers.
Materials and Methods
Fish lines. Zebrafish colonies were maintained following animal protocols at the National Institute on Alcohol Abuse and Alcoholism and the Oregon Health & Science University. The love sofa mutant was generated by ENU mutagenesis by Dr. Alex Nechiporuk, Oregon Health and Science University, Portland, OR (Drerup and Nechiporuk, 2013) and was kindly provided. The allele sop tj 19d was used in the study (Granato et al., 1996) . Mutants were crossed with the TAB strain (RRID:ZIRC_ZL1438) and maintained as male or female heterozygotes. Embryonic lethal homozygous larvae of sofa potato or love sofa were obtained by crossing male and female heterozygotes and used for experiments before their sex was determined.
Swimming analysis. High-speed image capturing of larval zebrafish escape response was performed with Photron camera at 1000 frames/s (Epley et al., 2008) . Captured images were saved as JPEG files and processed with Photoshop (Adobe System).
Clones and expression. Constructs for expression of wild-type AChR ␦ subunit were previously described . It has a muscle-specific ␣-actin promoter, and the expression was restricted to muscle cells. A point mutation for L332P was introduced to the clone with the QuikChange Lightening SiteDirected Mutagenesis Kit (Agilent Technologies). The construct was later confirmed to contain no other mutation than L332P by sequencing.
Electrophysiology. Miniature endplate current (mEPC) recordings from slow and fast muscles of zebrafish larvae were performed as previously described, with some modifications . The pipette solution contained Lucifer yellow (Sigma-Aldrich) at 1 mg/ml. To minimize the movement of muscle fibers during the recording, an L-type calcium channel blocker, nifedipine (Sigma-Aldrich), was used instead of osmolality shock with formamide . It was shown recently that synaptic transmission of zebrafish NMJ depends on the P/Q type calcium channel , and 10 M nifedipine indeed did not inhibit mEPCs. Calcium channels in the excitation-contraction coupling were blocked by nifedipine, and stable recordings were possible. 100 nM TTX was added to the bath solution to block the spontaneous firing of motor neurons (Won et al., 2012) . mEPC events were analyzed in MiniAnalysis (Synaptosoft). Events with slow rise and slow decay, which are reflections of synaptic events in neighboring cells, were excluded from analysis (Luna et al., 2004) . For application of ACh, a glass electrode (opening ϳ30 m; filled with bath solution containing 30 M ACh and Lucifer yellow) was placed near the voltage-clamped muscle cell and positive pressure was applied by Picospritzer II (Parker Hannifin; 30 ms, 1 psi).
Immunohistochemistry. Immunohistochemistry methods, including information on antibodies, were previously described Park et al., 2012) . F59 antibody (Santa Cruz Biotechnology, catalog #sc-32732 RRID:AB_670118) was used as a slow muscle marker, and nerve terminals were labeled with SV-2 antibody (Developmental Studies Hybridoma Bank, catalog #sv2 RRID:AB_528480). For mAB35 staining, which recognizes an epitope in the AChR ␣ subunit, the incubation period for the primary antibody was 48 h (Sigma-Aldrich, catalog #M217 RRID:AB_260473). A polyclonal antibody was raised against an epitope of NLISLNEKEETLTT, which is conserved between and ␥ subunits (GenScript). The specificity of the antibody was tested on the knockout fish, which was generated using Transcription Activator-Like Effector Nuclease and will be reported elsewhere. The antibody staining was abolished at NMJs of the knock-out fish (data not shown). ␣-BTX staining was performed as described previously . All images were taken on the Zeiss 510 Meta Confocal microscope (Carl Zeiss Microimaging) with 40ϫ C-Apo objective (NA 1.2) and analyzed in Photoshop (Adobe System).
Results
Through ENU mutagenesis, a new locomotion mutant was isolated. A complementation analysis with known locomotion mutants was performed, and the mutation failed to complement the sofa potato mutant, suggesting that the two mutants have a common affected gene. The sofa potato mutant has a missense muta- tion, L28P, in the AChR ␦ subunit . As a result of the L28P mutation, AChR pentamers do not form on the plasma membrane, and subunits are retained in the endoplasmic reticulum (Park et al., 2012) . Because of the genetic commonality to sofa potato, we tentatively named the new mutant love sofa. Unlike the sofa potato mutant, which remains paralyzed until its death ϳ6 -8 d post fertilization (dpf), the love sofa mutant can move, although its tail beat and propulsion are weak (Fig. 1A) .
When stained with ␣-BTX, the love sofa mutant displayed a unique pattern of AChR distribution (Fig. 1B) . In 3 dpf wild-type larvae, AChR clusters are observed at the edge of muscle cells and in the central regions of muscle cells as round, punctate spots (Fig. 1B) . The former are called "myoseptal synapses" and the latter "distributed synapses" in previous studies (Lefebvre et al., 2007) . The myoseptal synapses seem to be the only existent synapse in the love sofa mutant (arrowheads), and AChR clusterings at distributed synapses, in contrast, are almost completely absent. Therefore, synaptic transmission presumably occurs only at myoseptal synapses, which causes weak muscle contraction and compromised swimming. This pattern of ␣-BTX staining is very different from that of sofa potato, which completely lacked AChRs on muscle cell surfaces .
We sequenced exons of the ␦ subunit gene in the love sofa mutant. We identified a putative missense mutation at L332, changing leucine to proline. The 332nd amino acid is either leucine (L), isoleucine (I), or phenylalanine (F) in the ␦ subunit of other species ( Fig. 2A) . The L332P mutation is located in the M3-M4 cytoplasmic loop, close to the M3 transmembrane region, and segregates strongly with the phenotype ( Fig. 2A) . It is therefore presumed causal to the phenotype.
To confirm that the ␦ subunit is the mutated gene, we performed a rescue experiment. Wild-type ␦ subunit was expressed in the love sofa mutant stochastically by injecting the DNA construct into fertilized eggs. After 3 d of incubation, some muscle cells in the developing larvae expressed wild-type ␦ subunits resulting from the transgene, as indicated by the cytoplasmic expression of GFP (green), and these cells formed distributed synapses (Fig. 2B, arrowheads) . These data matched the complementation study and confirmed that the ␦ subunit gene is the responsible gene in the love sofa mutant.
To confirm that the L332P mutation is the causal mutation, we introduced a ␦ subunit harboring the L332P mutation (␦ L332P ) into sofa potato mutants and examined whether we could phenocopy the love sofa mutant. Muscle cells without the ␦ L332P transgene are genetically sofa potato, expressed no AChRs, and displayed no signal with ␣-BTX staining . In contrast, muscle cells expressing the ␦ L332P transgene, as indicated by the cytoplasmic GFP (green), showed ␣-BTX-positive signals (magenta), but only along muscle cell edges (arrowheads), suggesting that these cells expressed only myoseptal synapses (Fig. 2C) . Therefore, we propose the L332P mutation in the ␦ subunit is the causal mutation in love sofa.
Myoseptal synapses are found only in the superficial region of the trunk in zebrafish, whereas distributed synapses are found in deeper layers of muscle cells. This raises the possibility that myoseptal synapses are specific to slow muscles because slow muscle fibers form a single, superficial layer at 3 dpf (Devoto et al., 1996) . To test this possibility, we examined ␣-BTX staining in wild-type larvae counterstained with the F59 antibody, which specifically labels slow muscle fibers (Fig. 3A) (Fig. 3B) . In deeper Figure 2 . Genetic identification of the love sofa mutation. A, Alignment of amino acid sequences of AChR ␦ subunit from human, rat, torpedo, Xenopus, wild-type zebrafish, and the love sofa mutant. The putative mutation of love sofa is located at the shadowed amino acid. In wild-type zebrafish, the amino acid is leucine, whereas in other species isoleucine or phenylalanine is found. In love sofa, it is changed to proline. The location of the L332P mutation in the ␦ subunit protein is shown in the right panel. B, The wild-type ␦ subunit was expressed in mosaic fashion by injecting the gene construct into the love sofa mutant at one cell stage. Muscle fibers expressing the transgene, as marked by the cytoplasmic GFP (green), displayed distributed synapses (arrowheads) as marked by ␣-BTX (magenta). C, When the ␦ subunit harboring the L332P mutation was expressed in the sofa potato mutant, ␣-BTX staining visualized myoseptal synapses (arrowheads) but failed to exhibit distributed synapses. Magenta represents ␣-BTX; green represents cytoplasmic GFP. Scale bar, 50 m. muscle cells negative for F59 signals, ␣-BTX showed a pattern of distributed synapses (Fig. 3C) . However, at the interface between slow muscles and fast muscles, distributed synapses were observed, which we could not assign to either of the two muscle fiber types. We therefore expressed wild-type ␦ subunit in the sofa potato mutant. The stochastic nature of the wild-type ␦ subunit expression allowed the observation of a single slow muscle fiber, whereas neighboring muscle cells were genetically sofa potato and completely lacked surface AChR expression. In slow muscle fibers expressing the wildtype ␦ subunit, only myoseptal synapses were observed (Fig. 3D) . We conclude from these experiments that slow muscles have only myoseptal synapses and fast muscles have only distributed synapses. This suggests that, in the love sofa mutant, only slow muscles may have functional NMJs.
We recorded mEPCs from muscle fibers of the love sofa mutant using the whole-cell configuration patch clamp. The identification of fast or slow muscles was confirmed after patch-clamp recordings by the Lucifer yellow fluorescence contained in the pipette solution. Slow muscle fibers on the body surface are oriented parallel to the body axis, whereas deeper fast muscle fibers are oriented at an angle of ϳ30°. In slow muscle cells, robust mEPCs were observed in both love sofa and wild-type larvae. Decay time constant (10%-90%) was fit to a single exponential, and the obtained time constant was plotted against the peak amplitude for each event. Representative plots from a single cell of love sofa and wild-type are shown in Figure 4A . When compared between groups of cells (Fig. 4B) , the current amplitude was smaller (unpaired t test; p Ͻ 0.01) in love sofa (54.2 Ϯ 6.6 pA; n ϭ 16 cells) compared with wild-type (108 Ϯ 19 pA; n ϭ 10 cells), whereas the decay time constant was not different ( p ϭ 0.26) between love sofa (4.25 Ϯ 0.51 ms) and wild-type (4.82 Ϯ 0.45 ms). mEPCs recorded from fast muscles showed a striking difference between love sofa and wild-type. A majority of fast muscle cells in the love sofa mutant failed to exhibit any mEPCs (n ϭ 13). In some fast muscles (n ϭ 4), mEPCs with small amplitudes (Ͻ 60 pA) were observed. These events were highly infrequent, and statistical analysis from a single cell was difficult. When events from multiple fast cells were pooled, however, the smaller amplitude was evident compared with wild-type (Fig. 4C) .
The lack of ␣-BTX staining and the strong suppression of mEPCs in fast muscles raise three possibilities. First, terminals of motor neurons may not contact fast muscles or do not differentiate to release ACh. Second, pentamers may not assemble and express at synapses in fast muscles. Third, pentamers in fast muscles may assemble and reach the synapse, but not bind to ␣-BTX or ACh. To examine these possibilities, we performed immunohistochemistry, with antibodies reacting with a synaptic vesicle protein (SV2) or the AChR ␣1 subunit (mAb35) (Tzartos et al., 1981) . Anti-SV2 antibody displayed signals at synapses of slow muscles and fast muscles, both in the love sofa mutant and the wild-type larvae. This indicates that nerve terminals of the love sofa mutant reached both slow and fast muscles and are differentiated. Staining with anti-␣1 AChR in love sofa was observed in slow muscles (Fig. 5A, dashed box) , which was expected from the ␣-BTX staining. Interestingly, anti-␣1 AChR staining (mAb35) exhibited signals also in fast muscles of the love sofa mutant (Fig.  5A , arrowheads) at locations colocalizing with nerve terminal endings (merged panel). This suggests that pentamers assemble and express at synapses in fast muscles of the love sofa mutant, but these pentamers cannot function, rendering the synapses almost silent.
To further confirm that the functional defect of fast muscles in the love sofa mutant is postsynaptic, we perfused slow and fast muscles of the love sofa mutant under voltage clamp with a solution containing 30 M ACh. Slow muscles showed robust inward currents with the ACh application (n ϭ 7). In contrast, fast muscles without mEPCs failed to display any inward current in response to the ACh application (n ϭ 6). These data confirmed that the absence of mEPCs in the love sofa mutant results from the AChRs in fast muscle cells.
Why does a single ␦ subunit mutation have different effects on AChRs of slow muscles and fast muscles? We proposed previously that slow muscle fibers in zebrafish have subunit compositions lacking or ␥, based on the comparison of channel properties between native AChRs in zebrafish muscles and heterologously expressed AChRs in Xenopus oocytes (Mongeon et al., 2011). We therefore hypothesized that the ␦ L332P subunit contained in both types of pentamers has distinct functional effects because of pentamer subunit compositions (i.e., ␣␤␦ in slow fibers and ␣␤␦/␥ in fast fibers). ␣␤␦ L332P in slow muscles are functional, whereas ␣␤␦ L332P /␥ are nonfunctional.
To test this hypothesis, we generated an antibody against an epitope specific to the and ␥ subunit. In wild-type, fast muscles revealed the colocalization of the /␥ subunit and the ␣-BTX staining (Fig.  6A) . In sharp contrast, slow muscles displayed the ␣-BTX staining at muscle cell edges, but these locations did not have matching signals for the /␥ subunit. Likewise, fast muscles of love sofa showed positive clusters of the /␥ subunit, although ␣-BTX staining is absent (Fig. 6B) . Slow muscles in love sofa mutant again lacked /␥ subunits at synapses indicated by the ␣-BTX staining (Fig. 6B) . These results support our hypothesis that AChRs in slow muscles lacked the /␥ subunit in both wild-type and the love sofa mutant, and the presence of the /␥ subunit in the pentamer causes the specific effect of the ␦ L332P mutation in fast muscles.
Discussion
We showed that a single mutation of the ␦ subunit, L332P, allows the synapse in slow muscles to function but renders those in fast muscles almost nonfunctional. Because of the distinct patterns of AChR distribution in slow and fast muscles of zebrafish (Fig. 3) , which was first described in this paper, the love sofa mutant exhibits ␣-BTX staining that is restricted to the myoseptal region (Fig. 1B) . The characteristic pattern of ␣-BTX staining restricted to the myoseptal region in love sofa larvae was observed as early as 1 dpf (data not shown). Interestingly, the movement of the love sofa mutant at 1 dpf was indistinguishable from that of wildtype, in contrast to the clearly defective swimming at 2 dpf or later. This is in agreement with a previous study that showed that coiling, a type of movement specific to 1 dpf embryos, depends on slow fibers (Naganawa and Hirata, 2011).
The identity of infrequent, small mEPCs in fast muscles of love sofa is unclear (Fig. 4C) . Some of them may be reflections of mEPCs arising from neighboring slow muscle fibers transmitted through gap junctions (Luna et al., 2004) . However, decays of mEPCs through gap junctions are usually prolonged, whereas some recorded mEPCs have decay time constants shorter than 2 ms, suggesting that the synaptic transmission occurred not in neighboring slow muscles but in the voltage-clamped fast muscle. In addition, we observed a very small number of distributed synapses in love sofa with ␣-BTX staining (Fig. 1B) . These cells may represent a special subpopulation of fast muscles, such as intermediate fibers. Muscle fibers with mixed metabolic characteristics of slow and fast fibers, called intermediate fibers, are reported in teleosts, including zebrafish adults (van Raamsdonk et al., 1982) . Their distribution in embryos/larvae, however, remains unclear (Buss and Drapeau, 2000) . In the stochastic rescue experiment (Fig. 3D) , we also looked for a muscle fiber that exhibited a mixture of two types of AChR distribution, myoseptal and distributed. We did not find cells with a mixed distribution (data not shown). The identity of rare fibers that express distributed synapses in love sofa and their relationship to the infrequent mEPCs require further investigation.
An attractive hypothesis to explain the distinct effects of a single ␦ subunit mutation on two types of synapses is that the pentamer compositions are different. A parsimonious explanation is that the ␦ subunit is expressed in fast muscle fibers but not in slow muscle fibers. However, we reason that ␦ subunits are contained in synapses of both slow and fast muscle fibers. First, the ␦ L28P mutation in the sofa potato mutant leads to the abolition of AChRs both in slow and fast muscle fibers . Second, the ␦ L322P mutation in the love sofa mutant had stronger effects in fast muscle fibers, but it also affected slow muscle fibers, reducing their current amplitude (Fig. 4B) . Third, a combination of zebrafish AChR subunits lacking the ␦ subunit failed to form functional receptors when expressed heterologously in Xenopus oocytes (Mongeon et al., 2011) . These data strongly suggest that pentamers in both fiber types contain the ␦ subunit. By using an antibody specific for /␥ subunits, we confirmed the previous study by showing that AChRs in slow muscles lack the /␥ subunit in wild-type. This difference of subunit composition was also observed in the love sofa mutant. These data support our hypothesis that different subunit compositions underlie distinct effects of the ␦ L332P mutation in slow and fast muscles.
How can ␦ L332P make ␣␤␦/␥ pentamers nonfunctional while the function of ␣␤␦ pentamers is retained? The ␦ L332P subunit in the ␣␤␦ L332P /␥ pentamer may affect the AChR function (Fig.  6C) . In human congenital myasthenic syndromes, AChR mutations change the channel gating, the binding of ligand, or the expression of AChR to the membrane surface Wang et al., 2000) . A combination of these effects can also be observed by a single mutation. The lack of binding to ␣-BTX in love sofa fast muscles suggests that the binding of ligand is changed because the binding domains for ACh and ␣-BTX are identical (Balass et al., 1997; Harel et al., 2001) . The expression of AChR, on the other hand, does not seem to be strongly affected because mAb35 staining revealed the existence of pentamers at synapses of fast muscles (Fig. 5A ). In the ␣␤␦/␥ composition, two ␣s and a single subunit of ␤, ␦, and (or ␥) make up the pentamer, and the binding with ACh as well as ␣-BTX occurs with amino acid residues located between ␣␦ and ␣ (Fig. 6C ) (Blount and Merlie, 1989) . The ␤ subunit is a structural subunit that does not contribute to ligand binding. The ␣␤␦ composition, in contrast, likely contains two ␣s and two ␦s (Fig. 6C ) (Charnet et al., 1992) . It is expected that slow muscles of love sofa pentamers contain two ␦ L332P s, whereas fast muscles contain only one ␦ L332P. It is therefore surprising and somewhat counterintuitive that the pentamer with two mutant ␦s is functional, whereas that with one mutant ␦ is strongly affected. However, the location of the L332P mutation is not close to the ligand-binding domain, and the mutation will not only affect local areas surrounding the mutated amino acid. Instead, the effect of the mutation on the overall AChR structure will be the result of a global change. While the crystal structure of acetylcholine binding protein (AChBP) elucidated how extracellular components of AChRs assemble , the contribution of the M3-M4 intracellular loop to the overall structure/function of pentamers remains less well understood. This region generally allows larger flexibility, making it a preferable site of insertion for fluorescent molecules (Nashmi et al., 2003; Epley et al., 2008) . The L332 may be too close to the M3 to allow for such flexibility. There are also examples of M3-M4 loop mutations that lead to low AChR expressions (Engel et al., 1999) . Interestingly, a six residue in-frame duplication in the M3-M4 cytoplasmic loop close to M3 leads to a mode switching of channel kinetics in the human subunit (Milone et al., 1998) . The effect of L332P mutation on the ligand binding and channel kinetics, which is dependent on the subunit composition, may provide new information on the structure of pentamers.
Subunit compositions of AChRs in human slow muscles have not been studied separately from fast muscles; and to the best of our knowledge, a type of human myasthenic syndrome that predominantly affects either slow or fast muscles has not been reported. Interestingly, in knock-out mice, the proportion of slow muscle fibers increases, suggesting a functional link between the receptor subunit composition and the fiber type (Jin et al., 2008) .
A generally held belief was that the only two possible combinations of subunits in vertebrate NMJs were ␣␤␦ and ␣␤␦␥. However, the combination of ␣␤␦ leads to a functional channel in heterologous expression systems (Charnet et al., 1992) , and we recently proposed that this combination works in NMJs in vivo, which was further confirmed in the present study (Mongeon et al., 2008) . It will be highly intriguing to examine whether ␣␤␦ pentamers also express in (sub)populations of human slow muscle fibers. Moreover, some muscle fibers found in the mammalian extraocular muscle show special characteristics, including the lack of action potentials (Chiarandini and Stefani, 1979) or the location of NMJs at myotendinous junctions (Zimmermann et al., 2011) . Molecular identity of AChRs in these extraocular fibers remains unknown. If they have AChR subunit compositions distinct from fast muscle fibers, patients with certain types of mutations may present symptoms caused by phenotypes specific to such fibers. We therefore propose that consideration of NMJs containing ␣␤␦ pentamers may be beneficial to better understand congenital myasthenic syndromes. Figure 6 . Distinct subunit compositions of AChRs in slow and fast muscles underlie the fiber-type specific phenotypes in the love sofa mutant. Wild-type (A) and love sofa (B) larvae were doubly labeled with an antibody for /␥ subunits (green) and ␣-BTX (magenta). Optical sections corresponding to slow muscle fibers and fast muscle fibers are shown. Scale bar, 20 m. C, A schematic depicting the hypothesis. In wild-type larvae (top), pentamers of slow muscles comprise ␣␤␦, whereas those in fast muscle comprise ␣␤␦/␥. Red triangle represents the ligand (ACh or ␣-BTX). In the love sofa mutant (bottom), the ␦ subunit harbors a L332P mutation (shown with an asterisk and yellow). As a result, the binding of ligand to the pockets between ␣ and ␦ is inhibited in fast muscles.
